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(54) Generalized deterministic squelching in a ring transmission system 



(57) A method and apparatus for deterministically 
squelching communications circuits transported by a 
ring transmission system (100), including communica- 
tions circuits with combinations of multiple drops, multi- 
ple sources and/or multiple broadcasts (in 101-104), is 
provided, in accordance with the invention, by a) iden- 
tifying failed ring nodes (101-104) in the ring. transmis- 
sion system including locations of the failed ring nodes; 
b) identifying communications circuits active in the pre- 
determined ring node; c) squelching a communications 
circuit active in the predetermined ring node in response 
to the identifications in steps a) and b) if a first ring node 



that is downstream from, and adjacent to, the predeter- 
mined ring node has failed, and an exit ring node for the 
communications circuit which is furthest downstream 
from the predetermined ring node has failed; and d) if 
no squelching is performed on the communications cir- 
cuit in accordance with step c), then squelching the com- 
munications circuit active in the predetermined ring 
node if a second ring node that is upstream from,!and 
adjacent to, the predetermined ring node has failed, and 
an entry ring node for the communications circuit which 
is furthest upstream from the predetermined ring node, 
has failed. 
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Description FIG. 1 shows, in simplified 



. Technical Field 

This invention relates to ring transmission systems 
and, more particularly, to generalized deterministic 
squelching in ring transmission systems. 

Background of the Invention 

. It has become increasingly important to maintain 
communications connectivity in the presence of trans- 
mission system failures. To this end, bidirectional ring 
transmission systems have been proposed that heal 
communications circuits in the presence of equipment 
failure, fiber cuts, and ring node failures. Some bidirec- 
tional line-switched ring arrangements employ a deter- 
ministic "squelching" method to eliminate or block com- 
munications circuits terminated in a failed ring node to 
avoid undesirable misconnections. The squelching is 
performed by the switching ring nodes adjacent to the 
failed ring nodes. Although quite satisfactory for simple 
•bidirectional communications circuits, this known 
squelching method cannot be extended to cover other 
types of circuits, for example, unidirectional circuits with 
various combinations- multiple sources, multiple drops, 
and/or multiple broadcasts. 

Summary of the Invention 

A method and apparatus for deterministically 
squelching communications circuits transported by a 
ring transmission system, including communications cir- 
cuits with, combinations of multiple drop's, multiple 
sources and/or multiple broadcasts, is provided, in ac- 
cordance with the invention, by.a) identifying failed ring 
. nodes in the ring transmission system including loca- 
tions of the failed ring nodes; b) identifying communica- 
tions circuits active in the predetermined ring node; c) 
squelching a communications circuit active in the pre- 
determined ring node in response to the identifications, 
in steps a) and b) if a first ring node that is downstream 
from, and adjacent to, said predetermined ring node has . 
failed, and an exit ring node for said communications 
circuit which is furthest downstream from said predeter- 
mined ring node has failed; and d) if ho squelching is 
.performed on said communications circuit in accord- 
ance with step c), then squelching said communications 
circuit active in said predetermined ring node if a second 
ring node that is upstream from, and adjacent to, said 
predetermined ring node has failed, and an entry ring 
node for said communications circuit which is furthest 
upstream from said predetermined ring node has failed. 

Brief Description of the Drawing 

In the drawing: 



block diagram form, a 
bidirectional line-switched ring transmission system, 
including ring nodes incorporating the invention; 
. FIG. 2 shows, in simplified block diagram form, 
5 details of a ring node including an illustrative exam- 
ple of the invention; . . 
FIG. 3 shows*, in simplified block diagram form, 
details of a squelcher used in the ring node of FIG. 

10 FIG. 4 shows, in simplified block diagram form, 
details of an AIS insert unit employed in the 
squelcher of FIG. 3; 

FIG. 5 is a flow chart illustrating the squelch opera- 
tion of controller 205 of FIG. 2; and 
15 FIGs. 6-22 illustrate examples of the generalized 
squelching operations, in accordance with the 
invention. 

Detailed Description 

20 

FIG. 1 shows, in simplified form, bidirectional line- 
switched ring transmission system 1 00, which for brevity . 
and clarity of exposition is shown as including only ring 
nodes 101 through 104, each incorporating an illustra- 

2S tive example of the invention. Ring nodes 101 through 
104 are interconnected by transmission path 110 in a 
counterclockwise direction and by transmission path 
120 in a clockwise direction. In this example, transmis- 
sion paths 110 and 120 are comprised of optical fibers 

30 and each could be comprised of a single optical fiber or 
two (2) optical fibers. That is, bidirectional line-switched 
ring transmission system 100 could be either. a two (2) 
optical fiber or a four (4) optical fiber system. In a two 
(2) optical fiber system, each of the fibers in transmis- 

35 sion paths 110 and 1 20 includes service bandwidth and 
protection bandwidth. In a four (4) optical fiber system, 
each of transmission paths 1 10 and 120 includes an 
optical fiber for service bandwidth and a separate optical 
fiber for protection bandwidth. Such bidirectional line- 

40 switched ring transmission systems are known. In this . 
example, transmission of digital signals in. the SONET 
digital signal format is assumed. However, it will be ap- 
parent that the invention is equally applicable to other 
digital signal formats, for example, the CC ITT synch ro- 

4s nous digital hierarchy (SDH) digital signal formats. In 
this example, it is assumed that an optical OC-N SONET 
digital signal format is being utilized for transmission 

• over transmission paths 110 and 120. The SONET dig- 
ital signal formats are described in a Technical Advisory 

so entitled "Synchronous Optical Network (SONET) Trans- 
port Systems: Common Generic Criteria", TA-JNWT- 
000253, Bell Communications Research, Issue 6, Sep- 
tember 1990. 

It is noted that requests and acknowledgments for 

55 protection switch action are transmitted in an automatic 
protection switch ("APS") channel in the SONET over- 
. head accompanying the protection bandwidth oh: each 
of transmission paths 110 and 120. The APS channel. 
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in the SONET format, comprises the Kl and K2 bytes in 
the SONET overhead of the protection bandwidth. The 
K1 byte indicates a request of a communications circuit 
for switch action. The first four (4) bits of the K1 byte 
indicate the switch request priority and the last four (4) 
bits indicate the ring node identification (ID). The K2 byte 
indicates an acknowledgment of the requested protec- 
tion switch action. The first four (4) bits of the K2 byte 
indicate the ring node ID and the last 4 bits indicate the 
action taken. For purposes of this description; a "com- 
munications circuit" is considered to be a SONET STS- 
• 3 digital signal having its entry and exit points on the 
ring. 

Each of ring nodes 101 through 104 comprises an 
add-drop multiplexer ("ADM"). Such add-drop multiplex- 
er arrangements are known. For generic requirements 
of a SONET based ADM see the Technical Reference 
^entitled "SONET ADD-DROP Multiplex Equipment 
(SONET ADM) GENERIC CRITERIA", TR-TSY- 
000496, Issue 2, September 1989, Supplement 1, Sep- 
tember 1991, Bell Communications Research. In this 
example, the ADM operates in a transmission sense to 
pass signals through the ring node, to add signals at the 
ring node, to drop signals at the ring node, to bridge sig- 
nals during a protection switch and to loop-back-switch 
signals during a protection switch at the ring node. 

FIG. 2 shows, in simplified block diagram form, de- 
tails of ring nodes 101 through 104, including an embod- 
iment of the invention. In this example, a west (W)-to- 
east (E) digital signal transmission direction is assumed 
in the service bandwidth and the. protection bandwidth 
on transmission path 110. It will be apparent that oper- 
ation of the ring node and the ADM therein would be 
similar for an east (E) to - west (W) digital signal trans- 
mission direction in the service bandwidth and the pro- 
tection bandwidth on transmission path 120. Specifical- 
ly, shown is transmission path 1 1 0 entering the ring node 
and supplying an OC-N SONET optical signal to receiv- 
er 201, where N could be, for example, 12 or 48. Re- 
ceiver 201 includes an optical/electrical (O/E) interface 
202 and a . demultiplexer (DEMUX) 203, which yields at 
least one (1)..STS T M SONET digital signal. Such O/E 
interfaces and demultiplexers are known. In this. exam- 
ple, M is assumed to be three (3) and N is 'greater than 
M. The STS-M signal output .from DEMUX 203 is sup- 
plied to squelcher (S) 204. which under control of con-; 
troiler205 controllably squelches, i.e., blocks, particular 
. incoming communications circuits by inserting an alarm 
indication signal (AIS), as described below. Details of 
squelcher (S) 204 are shown in FIGs. '3 and 4 and its 
operation is described below. Thereafter, the.STS-M 
signal, squelched or otherwise, is supplied to broadcast 
. . element 206 : . A broadcast element replicates the STS- 
M signal supplied to it and supplies the replicated sig- 
nals as a plurality of individual' outputs. Such broadcast 
elements are known. Broadcast element 206 generates 
three identical STS-M signals and supplies one ST,S-M 
signal to an input of 3:1 selector 207,. a second STS-M 



signal to an input of 2:1 selector 208 and a third STS-M 
signal to an input of 3:1 selector 209. An STS-M signal 
output from 3:1 selector 207 is supplied to squelcher (S) 
210, which is identical to squelcher (S) 204. Squelcher 
5 (S) 210 is employed, under control of controller 205, to 
squelch particular outgoing communications circuits. 
The STS-M signal output from squelcher (S) 21 0 is sup- 
plied to transmitter 211 and, therein, to multiplexer 
(MUX) 21 2. The output of MUX 21 2 is an electrical OC- 
io N digital signal, which is interfaced to transmission path 
110 via electrical/optical (E/O) interface 21 3. Such mul- 
tiplexers (MUXs) and electrical/optical (E/O) interfaces 
are well known. 

Similarly, in the east (E) - to - west (W) direction an 
is] OC-N. optical signal is supplied via transmission path 
120 to receiver 214 and, therein, to optical/electrical 
(O/E) interface 21 5: In turn, demultiplexer (DEMUX)21 6 
yields a STS-M signal which is supplied via squelcher 
(S) 217 to broadcast element 218. Broadcast element 
20 218 replicates the STS-M signal into a plurality of iden- 
tical STS-M signals, in this example, three (3). One STS- 
M signal is supplied to an input of 3:1 selector 207, a 
second STS-M signal is supplied to an input of 2:1 se- 
lector 208 and a third STS-M signal is supplied to an 
25 input of 3:1 selector 209. An output from 3:1 selector 
209 is supplied via squelcher (S) 21 9 to transmitter 220. 
In transmitter 220, multiplexer (MUX) 221 multiplexes 
the STS-M into an electrical OC-N and, then, electri- 
cal/optical (E/O) interface 222 supplies the optical OC- 
30 N signal to transmission path 120. 

Controller 205 operates to effect the deterministic 
squelching of communications circuits, in accordance 
with the principles of the invention. Controller 205 com- 
municates with receivers 201 and 214 and transmitters 
35 21 1 and 220 via bus 223 and with interface 224 via bus 
227. Specifically, in this illustrative, example, controller 
205 monitors the incoming digital signals to determine 
loss-of-signat, SONET.format K bytes and the like. Ad- 
ditionally, controller 205 causes the insertion of appro- 
40 priate Kbyte messages for protection switching purpos- 
es, examples of which are described be low: To realize 
the desired deterministic squelching of the communica- 
tions, circuits, -controller 205 may be advantageously 
provisioned via bus 228 with the identities ("IDs") of all 
45 - the active communications circuits in the ring node.- 
These include those communications circuits passing 
through the ring node, as well as. those communications 
circuits being added and/or dropped at the ring node. 
The identities of all the ring nodes in bidirectional line- 
so switched ring 1.00 may also be provisioned to controller 
205. However, in-band signaling may. also be used to 
* supply ring nodes 10.1 through 104 with the identities of 
all the ring hodes.in bidirectional line-switched ring 100 
. and the identities of communications circuits active in 
55 the ring node. In this scheme, control signals are em- 
bedded in the . data stream itself. Alternatively, such 
identification could also be made using a central con- 
troller at some remote location to the rjng, and the re- 
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suits forwarded to each ring node 101 through 104. The 
squelching of communications circuits under control of 
controller 205 to effect the invention is described below. 

Interface 224 is employed to interface to a particular 
duplex link 225 and could include any desired arrange- 
ment. For example, interface 224 could include a DS3 
digital signal interface to a DSX, a STS-IE (electrical) 
SONET digital signal interfacing to a DSX, an optical ex- 
tension interface to an OC-N SONET optical signal or 
the like. Such interface arrangements are known. Spe- 
cifically, a signal (R) to be dropped at the ring node is 
supplied to interface 224 via- 2:1 selector 208, under 
control of controller 205, from either broadcast element 
206 or broadcast element 218. In turn/ interface 224 
supplies the appropriate signal to duplex link 225. A sig- 
nal (T) to be added at the ring node is supplied from 
duplex link 225 to interface 224 where it is converted to 
the STS-M. digital signal format, if necessary. The STS- 
M digital signal is then supplied to broadcast element 
226 where it is replicated. The replicated STS-M digital 
signals are supplied by broadcast element 226 to an in- 
put of 3:1 selector 207 and an input of 3:1 selector 209. 
In this example, 3:1 selectors 207 and 209, under con-, 
trol of controller 205, select the signal being added for 
transmission in the service bandwidth or the protection 
bandwidth on either transmission path 110 or transmis- 
sion path 1 20. 

It should be noted that, in this example, the normal 
transmission path for a digital signal being added at the 
ring node would be in the service bandwidth on. trans- 
mission path 110 and transmission path 120, for exam- 
pie, towards the west (W).. If the re were to be a protec- 
tion switch : the signal (T) being added from interface 
224 would be bridged via broadcast element 226 and 
chosen.by 3:1. selector 207, under control. of controller 
. 205. to the protection bandwidth on transmission path 
110. Similarly, if there were to be a loop-back protection 
switch and the. ring node was adjacent to the failure, the 
. signal (R) to be dropped at the ring node would be rer 
ceived in the protection bandwidth on transmission path 
120 and would be switched f rom broadcast element 218 
via 2:1 selector 208 to interface 224. It is noted that "fail- 
ure" or. "ring node failure' as used herein is intended to 
include node 'equipment failure and "node isolation fail- 
ure" caused by optical fiber cuts, cable cuts or the like. 
Anode isolation failure is a failure where a group of one 
or more ring nodes appear to be failed since they are 
unreachable by other ring nodes in the ring transmission 
system because of other failed ring nodes or by fiber 
and/or cable cuts, lithe transmission path. for the signal 
(R) is the protection bandwidth, the signal (R) to be 
dropped would be switched in a ring node adjacent the 
failure from the- protection bandwidth on transmission 
path 1 20 to the service bandwidth on transmission path 
.110 and received at the ring node in the usual fashion. 
Then, the signal (R) being dropped from transmission 
path 110 is supplied via broadcast element 206 and 2: 
' 1 selector 208 to interlace 224. 



As indicated above, controller 205 monitors the sta- 
tus of interface 224 and the digital signal supplied there- 
to via bus 227. Specifically, controller 205 monitors in- 
terface 224 for loss -of -signal, coding violations and the 
s like, i.e., a signal failure condition. Under control of con- 
troller 2 05 ; digital signals may be passed through, add- 
ed at. dropped aUbridged at or loop-back-switched at 
the ring node. A loop-back-switch of an STS-M digital 
signal incoming in the service bandwidth on transmis- 
10 sion path 110 is effected by controller 205 causing 3:1 
selector 209 to select the STS-M digital signal from 
broadcast element 206 and supplying it via squelcher 
(S) 21 9 to transmitter 220. In turn, transmitter 220 sup- 
plies an OC-N optical signal to the protection bandwidth 
15 . on transmission path 120. it will be apparent that in the 
loop-back-switch operation/if the signal is. incoming in 
a service bandwidth on transmission path 110, it will be. 
loop-back-switched to the protection bandwidth on. 
transmission path 120 and vice versa. If the signal is 
20 incoming in protection bandwidth on transmission path 
. 110. it will be loop-back-switched to the service band- 
width on transmission path 1 20 and vice versa. A signal 
to be added at the ring node is supplied from interface 
224, replicated via broadcast element 226 and selected 
25 either by 3: 1 selector 207 or 3: 1 selector 209, under con- 
trol of controller 205, to be added on transmission path 
- 110 or transmission path 120, respectively. A digital sig- 
nal to be dropped at the ring node is selected by 2:1 
selector 208, under control of controller 205, either from 
30 broadcast element 206 (transmission path 110) or 
broadcast element 218 (transmission path 120). The 
5 pass-through and loop-back-switch functions for a sig- 
nal incoming oh transmission path .120 is identical to that 
for an incoming signal oh transmission path 110.. 
35 Possible communications circuit misconnections 
are avoided in bidirectional line-switched ring 100, in ac- 
. . cordahce with the invention, *. by deterministicaily 
squelching particular communications circuits active in 
a particular ring node using a generalized deterministic 
40 squelching method which .is described in detail below. 
To this end, each ring node in bidirectional line-switched 
ring transmission system 1 00 is typically equipped to efr 
feet the desired squelching via squelchers (S) 204, 210, 
217 and 21 9, under.cohtrol of controller.205. In this ex- 
45 ample, both incoming and outgoing communications cir- 
cuits are squelched, however, it may only be necessary 
to squelch outgoing communications circuits. 

FIG. 3 shows, in simplified block diagram form, de- 
tails of an exemplary squelcher (S) unit. Specifically, the 
50 STS-M digital signal is supplied to demultiplexer (DE- . 
MUX) 301 where it is demultiplexed into its constituent 
M STS-I digital sijgnals 302-1. through 302-M. The M 
STS-1 digital signals are supplied on a one-to-one basis 
to AIS insert units 303-1 through 303-M. AIS insert units 
. 55 303-1 through 303-M, under control of controller 205, 
insert the AIS in the STS-1 digital signals included in the 
• communications circuits,, i.e., STS-M digital signals,. to 
be squelched. Details of AIS insert units 303 are shovyn 
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in FIG. 4 and described below. Thereafter, the M STS-I 
digital signals are multiplexed in multiplexer (MUX) 304 
to yield the desired STS-M digital signal. The details of 
multiplex schemes for the STS-M digital signal are de-' 
scribed in the technical advisory TA-NWT-000253, not- s 
ed above. 

FIG. 4 shows, in simplified block diagram form, de- 
tails of AIS insert units 303. Specifically, shown is a STS- 
1 digital signal being supplied to AIS generator 401 and 
to one input ol 2:1 selector 402. AIS generator 401 op- io 
erates to insert AIS in the STS-1 digital signal. As indi- 
cated in the technical advisory TA-NWT-000253, the 
STS path AIS is an all ones (I's) signal in the STS-1 over- 
head bytes Hi , H2 and H3 and the. bytes of the entire 
STS SPE (synchronous payload envelope). Selector *5 
402 selects as ah output, under control of controller 205, 
either the incoming STS-1 digital signal or the STS-1 dig- 
ital signal with AIS inserted from AIS generator 401 . 

Deterministic squelching is provided, in accordance 
with the invention, by a method where, despite ring node . 20 
failures, a. communications circuit is delivered to as 
many drops as possible so long as there is at least one 
source that has not failed. It will be shown below that a 
generalized squelching method can be derived from two 
rules that have been developed, in accordance with the 25 
invention, for basic unidirectional circuits. For both 
' rules, it is assumed that the particular ring node of inter- 
est (i.e., that ring node used as the loop back switching 
ring node to heal the ring), is adjacent to a failed ring 
node. These rules are: 30 

1) Assume, with respect to the switching ring node, 
that one or more failed ring nodes are in the direc- 
tion of a unidirectional communications circuit (i.e., 

the failed ring nodes including the failed adjacent 35 
ring node are downstream from the switching ring 
node). Squelch the communications circuit, in the 
direction of the communications circuit, if and only 
if the ring node failure scenario includes the last exit 
ring node for the communications circuit (The last 40 
exit ring node is the exit ring node that is furthest 
downstream from the switching ring node); and, 

2) Assume, with respect to the switching ring node, 
that the failure is in the opposite direction from the 
direction of the unidirectional communications cir- 45 
cuit (i.e.. the failed ring nodes including the failed 
adjacent ring node are upstream from the switching 
ring node).. Squelch the communications circuit, in 
the direction of the communications circuit, if and 
only if the ring node failure scenario includes the so 
first entry ring node for the. communications circuit. 
(The first entry ring node is the entry ring.node that 

is furthest upstream fronri the switching ring node): 
Those skilled. in the art will appreciate that rules 1) 
and 2) may be applied to unidirectional circuits hav- 55 
ing one or more sources and one. or more drops. 
Accordingly, communications circuits falling under 
these rules include, for example, unidirectional . 



communications circuits having a single source and 
a single drop, and communications circuits having 
various combinations of one or more sources, one 
or more drops, and/or multiple broadcasts. Also, it 
will be apparent that the combinations of rules 1) 
and 2) achieve the results provided by the known 
method for bidirectional squelching of simple bidi- 
rectional communications circuit at a given ring 
node when the communications circuit is termi- 
nated at a failed ring node. For the ring interworking 
scheme described in ANSI T1 X1 .5/91-043, the bidi- 
rectional interworking circuit can be viewed, as a 
multiply dropped circuit' with two drops (drop and 
continue) which is multiply sourced with two 
sources in the other direction. Thus, the combina- . 
tion of rules 1) and 2) also achieve the results pro- 
vided by the known squelching method for ring 
interworking. However, the squelching method of 
the present invention is not limited to simple, bidi- 
rectional communications circuits or ring interwork- 
. ing schemes since it generalized to govern deter- 
ministic squelching for other circuit types as well. 
Thus, practicing the squelching method of the 
present invention is advantageous since a greater 
Variety of communications services can now be pro- . 
vided for in the context of conventional ring trans- • 
mission system architecture design. 

FIG. 5 is a flow chart illustrating the operation of 
controller 205 in controlling the ring nodes in order to 
effect the deterministic squelching of communications 
circuits in the presence of ring node failures., in accord- 
ance with the rules discussed above. The process is en- 
tered via step 501 . Then, operational block 502 causes 
the K bytes of an incoming OC-N signal to be observed 
and processes the ring node IDs therein. Then, condi- 
tional branch point 503 tests to determine if the proc- 
essed ring node IDs indicate that one or more ring nodes 
have failed. Again, a ring node failure is defined as to 
. include ring node equipment failure and node isolation 
failure caused by fiber cuts and the like. Specific exam- 
ples of failure conditions are discussed below. Thus, if 
the processed ring node IDs indicate no ring node fail- 
ure, the failure is other than a.ring node and operational 
block 513 causes the usual bidirectional ring bridging 
and.switching to be effected as appropriate. Thereafter, 
the process is .ended via step 514. If the processed ring 
node IDs indicate one or more ring node failures, oper- 
ational block 506 causes the failed ring node IDs to be 
identified.' Then, control is passed to operational block . 
507 which allows the identification of communications 
circuits potentially affected by the one or more failure. 
A'communications circuit, is potentially affected by the 
failure if it has an entry anoVor exit (i.e.. an "A" and/or 
"Z" termination) in the one or more failed ring nodes. 
However, as discussed above in accordance with trie 
invention, squelch ing does, not have to be performed 
simply because a -communications circuits has a term i- 
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nation in a failed ring node. Thus, the process continues pending application serial number 07/855,782. the dis- 
by going to conditional branching point 508. If the ring closure of which is incorporated by reference herein. In 
node failure scenario does not include a ring node ad- this second example, rules 1) and 2), are not applied to 
jacent to the switching ring node, then no squelching is determine whether a particular communications circuit 
performed, and the usual bridging and switching may s is affected by the ring node failures. Instead, communi- 
occur as appropriate in operational block 51 3. If the fail- cations circuits are simply squelched if they have a ter- 
ure scenario includes an adjacent ring node, then con- mination in a failed adjacent ring node. However, those 
trol is passed to conditional branching point 509. If the skilled in the art will appreciate that the described sign- 
failed adjacent ring node is upstream from the switching aling is readily applicable to the present invention as an 
ring node then control is passed to operational block io example of. how the identification step in operational 
513. If an entry ring node for a communications circuit block 506 in FIG. 5 may be performed, 
which is.furthest upstream from the switching ring node FIGs. 6-22 illustrate examples of the operations of 
has failed, then control is passed to operational block the generalized squelching rules. discussed above. 
512 where the communications circuit is squelched. If FIGs. 6-9 show a unidirectional circuit having a sin- 
the furthest upstream entry ring node has not failed then is g| e entry ring node and-a single exit ring node. In FIGs. 
control, is passed to conditional branching point 511. Re- 6 and 7, the downstream ring node adjacent to the 
ferring:bACk to conditional branching point 509, if the switching ring node has failed. In FIG. 6,no squelching 
failed adjacent ring node is downstream from the switch- is performed because, in accordance with rule 1) above, 
ing ring node, then control is passed to conditional the single exit ring node, which by definition is the exit 
branching point 511 . If an exit ring node for acommuhi- 20 ring node furthest downstream from the switching ring 
cations circuit which furthest downstream from, the node, has not failed. In FIG. 7, squelching is performed 
switching ring node has failed, then control is passed to because the exit ring node has failed. In FIGs. 8 and 9, 
operational block 51 2 where the communications circuit the upstream ring node adjacent to the switching ring 
is squelched. If the furthest downstream exit ring node node has failed. In FIG. 8, no squelching is performed 
has not failed then the usual bridging and switching may zs because, in accordance with rule 2) above, the single 
occur as appropriate in operational block 51 3. Thereat- entry ring node, which by definition is the entry ring node 
ter, the process is ended in step 505. In block 506 in furthest upstream from the switching node, has not 
FIG. 5, the steps of identifying failed ring nodes and failed. In FIG. 9, squelching is performed because the 
identifying affected active communications circuits may entry ring node has failed. As noted above, the combi- 
be performed, for example, by using a ring "maps," or 30 nation of rules 1) and 2) give the known method for 
look-up tables,.which are stored in each ring node in the squelching simple bidirectional communications cir- 
system. in combination with line-switch request mes- cuits, which is illustrated in FIGs. 10 and 11. 
sages generated by the ring nodes. The ring maps could FIG. 12 shows a multiply dropped unidirectional cir- 
include, for example, information regarding the order in cuit. As discussed above, the generalized squelching 
which ring nodes appear on the ring and ring node ad- 35 method, in accordance with the invention, provides for 
dresses at which each communications circuit enters delivery to as many drops as possible despite ring node 
and exits the ring. As discussed above, a'given commu- failures. Referring now to FIGs. 13 and 14, the down - 
nications circuits may have multiple sources and multi- . stream ring node adjacent to the switching ring node has 
pie drops which implies multiple entry and exit ring node failed. In FIG. 13, no squelching is performed because, 
addresses. STS time slot information may also be in- *o in accordance'with rule i) above, the exit ring node fur- 
cluded in the maps where appropriate. One example of . thest downstream from the switching ring node has not 
the use of ring maps and line-switch request messages failed. In FIG. 14. squelching is performed because the 
to identify failed ring nodes follows. Suppose a segment exit ring node furthest downstream from the switching 
of a ring consisting of three ring nodes A, B. and C is ring node has failed! FIGs. 15 and 16 show that the up- 
observed, where B has failed. In a typical scenario, both 45 stream ring node adjacent to the switching ring node has 
A and C will send line-switch request messages in the failed. In FIG. 15, no squelching is performed because. 
APS channel Kl byte destined. for B. When A sees the in accordance with rule 2) above, the entry ring node 
request from Q, fails to receive a signal from B (i.e., A . furthest upstream from the switching ring node has not. 
detects a loss-of-signal). and sees that. B is between A failed.. In FIG. 16: squelching is performed because the 
and C; (using the ring map), it can determine; that B is so entry ring node furthest upstream from the switching ring 
isolatedfrom the ring: AandC will then use their respec- node has failed. 

tive ring maps,. and apply rules 1) and 2) above, to de- FIG. 17 shows a multiply sourced unidirectional cir- 
termine which communications circuits are affected by . . cuit. As above, the intent of the squelching. method, in 
the failure of B,. and squelch those affected circuits by accordance with the invention, is to deliver the commu- . 
inserting AIS, as described above, to thereby avoid mis : ss. nications circuit so long as there is at least one source- 
connections. A second example of the use of ring rinaps, . that has not failed. Referring now to FIGs. 18 and. 19. 
loss-of-signal information, and line-switch request mes- the downstream ring node adjacent to the switching ring 
'sages to identify failed ring nodes is. given in my co- node has failed. In FIG. 18, squelching is not performed 
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because, in accordance with rule 1) above, the exit ring 
node furthest downstream from the switching ring node 
has not failed. In FIG. 19. squelching is performed be- 
cause the exit ring node furthest downstream from the 
switching ring node has failed.. FIGs. 20 and 21 show 
that the upstream ring node adjacent to the switching 
ring node has failed. In FIG. 20, no squelching is per- 
formed because, in accordance with rule 2) above, the 
entry ring node furthest upstream from the switching ring 
node has not failed. In FIG. 21 , squelching is performed 
because the entry ring node furthest upstream from the 
switching ring node has failed. 

FIG. 22 shows another example of the generalized 
squelching method, in accordance, with the invention. 
FIG. 22 shows two simple unidirectional circuits-. As- 
sume that both use the same tributary timeslot. Using 
rules 1) and 2) above, if ring node B fails, both circuits 
are squelched. Now suppose that FIG. 22 represents a 
variation of ring interworking where two unidirectional 
circuits occupy the same timeslot. Suppose, therefore, 
that it is desirable to permit a secondary connection dur- 
ing the failure of ring node B (as is the case in ring in- 
terworking). Now squelching is only dependent on A and 
C and not B. If ring node B fails, the circuits are not 
squelched and a secondary connection is permitted 
from A to C. It is evident from the two examples illustrat- 
ed by FIG. 22 that the service intent is needed in order 
to determine how to squelch. Merely knowing the entry 
and exit ring nodes is not sufficient in special cases such 
as these. 

The above-described arrangements are. of course, 
merely illustrative of the application of the principles of 
the invention. Other arrangements may be devised by 
those skilled in the art without departing from the spirit 
or scope of the invention. For example, other arrange- 
ments may equally be employed to realize the desired 
squelching of the communications circuits. The squelch- 
■ ing may be realized, for example, by simply not bridging 
or loop-back-switching the communications circuits. 
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Claims 

1 . A method for use with a predetermined ring node of 
a plurality of ring nodes in a ring -transmission sys- 
tem, said ring transmission system transporting 
communications circuits having atleast one entry 
ring node and. at least one. exit , ring node, the 
method comprising the steps of: 

a) identifying failed ring nodes in said ring trans- 
mission system including, locations of said 
failed ring nodes; * 
. b) identifying communications circuits active in 
said predetermined ring node; 
c) squelching a communications circuit active 
in said predetermined ring node in response to 
said- identifications in steps a) and b) if 
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a first ring node that is downstream from, 
and adjacent to, said predetermined ring 
node has failed, and 

an exit ring node for said communications 
circuit which is furthest downstream from 
said predetermined ring node has failed; 
and **' 

d) if no squelching is performed on said com- 
munications circuit in accordance with step c), 
then squelching said communications circuit 
active in said predetermined ring node if 

a second ring node that is upstream from, 
and adjacent to, said predetermined ring 
node has failed, and 

an entry ring node for said communications 
circuit which is furthest upstream from said 
predetermined ring node has failed. 

The method as claimed in claim 1 wherein said com- 
munications circuit active in said predetermined 
ring node has a plurality of sources. 

The method as claimed in claim.1 wherein said com- 
munications circuit active in said predetermined 
ring node has a plurality of drops. 

The method as claimed in claim 1 wherein said com- 
munications circuit active in said -predetermined 
ring node has a plurality of sources and a plurality 
of drops. .... 

The method as claimed in claim 1 wherein said 
. active communications circuit includes communica- 
tions circuits being added at said predetermined 
ring node, communications circuits being dropped : 
at said predetermined ring. node, and communica- 
tions circuits passing through said predetermined 
ring node. 

The method as claimed in claim i wherein said ring 
transmission system is ^bidirectional ring transmis- 
sion system. . 

The method as claimed in claim 1. wherein said step 
of identifying failed ring nodes includes monitoring 
signals incoming to said predetermined ring node. 

The method as claimed in claim 7 wherein said step 
of monitoring includes detecting a signal failure con- 
dition incoming to said predetermined ring node on 
either a first or a second transmission path, said first 
transmission path coupling said plurality of ring 
nodes and transporting communications circuits 
around said ring transmission system in a first direc- 
tion: said second transmission path coupling said 
. plurality of ring nodes and transporting communica- 
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tions circuits around said ring transmission system 
in a second direction opposite said first direction. 

9. The method as claimed in claim 8 wherein said step 

of monitoring includes detecting at least one switch $ 
request message incoming to said predetermined 
ring node on either said first or said second trans- 
mission path. 

10. The method as claimed in claim 9 further including 10 
storing identities of ring nodes in said ring transmis- 
sion system in said predetermined ring node. 

11. The method as claimed in claim 9 wherein said step 

of identifying failed ring nodes is responsive to said *5 
stored identities of ring, nodes in said ring transmis- 
sion system and said detected at least one switch 
request message for identifying failed ring nodes 
from said stored identities. 

20 

12. The method as claimed in claim 9 wherein said at 
least one switch request message is transported in 
an automatic protection switch channel in said pro- 
tection bandwidth of both said first and said second 
transmission paths. 25 

13. The method as claimed in claim 1.2 wherein said 
automatic protection switch channel comprises at 
least a Kl byte in overhead of said protection band- 
width. ' 30 

14. The method as claimed in claim. 1 wherein said 
steps of squelching include blocking transmission 

. of said communications circuit to be squelched. 

35 

15. The method as claimed in claim 1 wherein said 
steps, of squelching include generating an alarm 
-indication signal and inserting said alarm indication . 

. signal in prescribed byte positions in said commu- 
nications circuits to be squelched. 40 

16. The method as claimed in claim I wherein said step 
of identifying failed ring nodes includes receiving 
. ring node failure information from a -central control- 
ler.. \. • ' • 45 

17. The method as claimed in claim 1 wherein said step 

of identifying failed ring nodes includes receiving 

; ring node failure information via in-band signaling: 

' .... - ., . / ' : 50 
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ring transmission system (100), including communica- 
tions circuits with combinations of multiple drops, multi- 
ple. sources and/or multiple broadcasts (in 101-104); is 
provided, in accordance with the invention, by a) iden- 
tifying failed ring nodes (101 -104) in the ring transmis- 
sion system including locations of the failed ring nodes; 
b) identifying communications circuits active in the pre- 
determined ring node; c) squelching a communications 
circuit.active in the predetermined ring node in response 
to the identifications in steps a)andb) if a first ring node 
that is downstream from, and adjacent to, the predeter- 

. mined ring node has failed, and an exit ring node for the 
communications circuit which is furthest downstream 
from the predetermined ring node has failed; and d). if 
no squelching is. performed on the communications cir- 
cuit in accordance with step c) : then squelching the.com- 
munications circuit ; active in the predetermined ring 
node if a second. ring node. that is upstream from, and 
adjacent to, the predetermined ring node has failed, and 

. ah entry ring node for the communications -circuit which 
is furthest upstream from the predetermined ring node 
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